Introduction
In the European Union (EU), Salmonella infection is the primary cause of confirmed foodborne outbreaks and the second most reported zoonosis, behind Campylobacter infection [1] . Recently it has been estimated that approximately 6.2 million cases of human salmonellosis occur in the EU general population each year, 298,000 of which in Italy (approximately 60 million population) [2] .
More than 2,500 serovars of Salmonella enterica have been described [3] . Although virtually all these serovars are capable of infecting humans, most human infections are caused by a limited number of serovars. S. Enteritidis and S. Typhimurium are among the serovars most frequently associated with human illness in the EU, accounting for up to 68% of confirmed human cases identified at serovar level [1] . Poultry, and particularly laying hens for table egg production, have long been identified as the primary source of human S. Enteritidis infection, whereas it is widely accepted that human S. Typhimurium infection primarily originates from pigs [4] .
Salmonella serotyping is an important tool for surveillance purposes that allows for trends to be monitored over space and time. Serotyping is also a useful classification scheme to support the investigation of foodborne outbreaks and the attribution of human cases to different sources of infection and routes of transmission [4] .
In Italy, the laboratory-based surveillance system for human Salmonella infections has changed substantially over time to follow the evolution of the surveillance activities for infectious diseases undertaken at the national and international level [5] . The former system was created in 1967 and was based on the Reference Centres for Enterobacteriaceae (RCE) [5, 6] , which became part of the European Salmonella Network (SALM-NET) project in 1992 [5] . In 1997, SALM-NET was further changed into the Enteric Pathogen Network (ENTER-NET) [7] . Italy's ENTER-NET (IT-ENTER-NET) is a passive, laboratory-based surveillance system for enteropathogens based on a network of more than 140 clinical microbiology diagnostic laboratories covering about 65% of the Italian territory and is complementary to the Italian National Surveillance System for Infectious Diseases (SIMI) [8, 9] . Since October 2007, the European ENTER-NET has been coordinated by the European Centre for Disease Prevention and Control (ECDC), European Food-and Waterborne Disease and Zoonoses Surveillance Network (FWD-Net) [10] .
In Italy, IT-ENTER-NET collects basic microbiological information (at least the serovar) on Salmonella isolates from human cases each year. These isolates correspond to approximately 50% of the total number of human salmonellosis cases notified to the SIMI [11] . Since 2002, the IT-ENTER-NET laboratories are also invited to submit S. Enteritidis and S. Typhimurium isolates to the Istituto Superiore di Sanità (Italian National Institute of Health) for phage and molecular typing and antimicrobial susceptibility testing.
The aim of this study was to describe the distribution of Salmonella serovars isolated from humans in Italy from January 1980 to December 2011, with a focus on the six most frequently reported serovars.
Method
Data of Salmonella isolates from human cases were obtained from different laboratory-based surveillance systems depending on the considered time period. Data from 1980 to 1992 were obtained from published statistics of the RCE [6] . Data from 1993 to 1997 were obtained from the SALM-NET records and those from 1998 to 2011 from IT-ENTER-NET (http://www.iss.it/ salm/?lang=1&id=1&tipo=4). In all of these three systems, the common case definition was 'an isolate of Salmonella enterica with identified serovar from a human specimen'.
For the purposes of this study, a minimum set of comparable information about each serotyped isolate was collected, including the patient sex, age and residence location, the laboratory that reached the microbiological diagnosis and the date of isolation thereof. This set of information was not systematically collected and made available before 2000, when only the serovar and the year of isolation were available.
A data set including Salmonella isolates of the whole study period was created by merging the data obtained from the three systems (RCE, SALM-NET, and IT-ENTER-NET). This data set contained 254,418 records (i.e. isolates) with information on the serovar and date of isolation.
Another data set that included the isolates collected by IT-ENTER-NET from 2000 to 2011 (56,546 records) was created. This data set contained a number of duplicate entries, i.e. different isolates from a same case (because of the follow-up of patients with Salmonella infection after the first isolation) that were not always indicated. Therefore, 24,492 duplicate entries for an isolate that matched on serovar, laboratory reaching the microbiological diagnosis, and date of birth of the patient within the same or the consecutive month of isolation were discarded. Moreover, during the study period there were 2,122 cases related to 1,475 outbreaks (subjects tested within the framework of 'epidemiological investigation' in the IT-ENTER-NET data set) so we also discarded 647 outbreak-related entries, choosing only one isolate from each outbreak.
The resulting data set included a total 31,407 records. Data management procedures were performed using ACCESS, version 2002 (Microsoft, Redmond, USA).
Data analysis focussed on the six most frequently reported serovars in the whole study period. The distribution of isolates by year was examined from 1980 to 2011, whereas the distribution by sex, age group (<1, 1-5, 6-14, 15-64, and >65 years) and month of isolation (January-December) was examined using the 2000-2011 data set. Mean annual isolation rates per 100,000 population were calculated by serovar, sex, age group, and province of residence standardised to the 2008 Italian reference population provided by the Italian National Institute of Statistics (ISTAT) (http:// demo.istat.it/).
The inter-annual trend in the number of isolates from 2000 to 2011 was tested for statistical significance using the Cuzick's test for trend [12] (alpha: 0.05). Data analysis was performed using EpiInfo2000, version 3.3.1 (Centers for Disease Control (CDC), Atlanta, USA), and STATA, version 11.2 (StataCorp, College Station, USA).
Shapefile of Italy with provincial administrative boundaries was obtained from the ISTAT (ED-1950-UTM coordinate system, zone 32 N). Mean annual isolation rates per 100,000 population were presented using a choropleth map (with 4 classes determined according to Jenks' natural breaks method) in ArcGis, version 9.0 (ESRI, Redlands, USA).
Results

Inter-annual trends
After exclusion of duplicate and outbreak-related entries (if more than one per outbreak), a total of 229,279 Salmonella isolates were reported from 1980 to 2011. The annual number of isolates decreased from an annual mean of 10,286 isolates in the period from 1980 to 1995 to an annual mean of 4,043 isolates in the time between1996 and 2011, with a more marked reduction from the year 2000 onwards (2,618 isolates on mean per year).
During the whole study period, the top six reported serovars were S. Enteritidis (57,499 isolates; 25.1% of the total number of Salmonella isolates; mean isolation rate: 2.99 isolates per 100,000 population/year), S. Typhimurium (56,671; 24.7%; 2.95 per 100,000 population/year), S. Infantis (10,114; 4.4%; 0.53 per 100,000 population/year), S. Derby (8,250; 3.6%; 0.43 per 100,000 population/year), S. Some points in the charts representing the annual number of isolates for the S. enterica serovars Enteridis (panel A) and Derby (panel B) stand alone and are not included in the curve relating the annual number of isolates throughout the study period. This is because these two serovars were not reported for all years during the period up to the mid-1980s, resulting in missing data in the time series.
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12,000 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 Typhimurium and dramatically increased in the following years, reaching a peak in 1992. Since then, S. Enteritidis started decreasing, and from 2000 onwards S. Typhimurium returned to being the predominant serovar (Figure 1 ).
S. Infantis and S.
Derby alternated as having the position of the third most frequently reported serovar during the whole study period (Figure 1 
Seasonal distribution
In the period from 2000 to 2011, the largest proportion of Salmonella isolates was observed in September (4,025/31,407 cases, 13%) and the smallest in February (1,698/31,407 cases, 5%). The median number of isolates in these two months was 335 and 139 respectively ( Figure 2 ). Although this seasonal pattern was consistent for most serovars, S. Napoli and S. Derby showed slight variations. S. Napoli increased steeply in June (median = 10 isolates) and peaked in July (median = 12 isolates), remained at high levels until September (median = 12 isolates) and then decreased rapidly in October (median = 8 isolates). S. Derby peaked in September (median = 12 isolates) but remained at a high level until November (median = 9 isolates), when thereafter a stepwise decrease occurred until March, the month for which the median number of isolates was at the lowest (median = 4 isolates) (Figure 2 ).
Age and sex distributions
During the period between 2000 and 2011, the highest isolation rate was for children aged one to five years,
Figure 2
Median number of isolates of the top six reported Salmonella enterica serovars by month of isolation, Italy, at 32.54 isolates per 100,000 population/year, followed by infants aged <1 year (13.54 per 100,000 population/year) and children aged six to 14 years (8.01 per 100,000 population/year). In the other age groups, the mean isolation rate was <3 isolates per 100,000 population/year. There were no evident differences in isolation rates between males and females (4.62 and 4.06 isolates per 100,000 population/year, respectively) (Table) . Figure 3 presents the distribution at the province level of the mean annual isolation rate per 100,000 population of the top six reported serovars (2000 to 2011). The highest isolation rates were observed in the northern provinces of the country, particularly in the provinces of Sondrio, Trento, and Varese, whereas the southern provinces showed considerably lower isolation rates. Such spatial distribution was also observed in the isolation rate of the different serovars.
Spatial distribution
Discussion
Evidence that human salmonellosis in Italy has decreased since the late 1990s has previously been provided through the analysis of cases notified to the SIMI [9] . This study shows that, since 2000, the decrease has concerned only specific serovars, namely S. Enteritidis and S. Infantis, whereas other serovars have emerged (S. 4, [5] ,12:i:-, S. Derby, and S. Napoli) or remained fairly stable (S. Typhimurium).
After the global emergence of S. Enteritidis in the late 1980s that apparently filled the ecological niche vacated by the eradication of S. Gallinarum from poultry [13] , a sustained decrease in the number of human S. Enteritidis infections was observed globally starting from the late 1990s [4, [14] [15] [16] [17] . Several factors, including the implementation of new on-farm control measures against Salmonella in poultry (e.g. the introduction of live vaccines), improved hygiene and education of consumers and food-workers, have probably contributed to this decrease, at least in the EU [1, 4] and in the United States [15, 18] . In 1992, the European Parliament issued a directive (Council Directive 92/117/EEC) [19] establishing measures for protection against specified zoonotic agents in animals and foods of animal origin. This Directive proposed that the EU Member States establish monitoring systems and control measures in poultry breeding flocks. In 2003, to enforce these measures, the European Parliament and the EU Council introduced the Regulation No. 2160/2003 [20] to ensure that proper and effective measures were undertaken to control Salmonella at all relevant stages of production, processing, and distribution of poultry a The annual isolation rates are the annual number of isolates of each serovar/100,000 population of the age group or sex under consideration.
Figure 3
Province-level maps of the mean annual isolation rates per 100,000 population of Salmonella enterica, Italy, 2000-2011 (n=31,407) products. The observed decrease of human cases of S. Enteritidis suggests that these measures have succeeded in reducing the burden of human S. Enteritidis infection.
We observed a peculiar profile of serovars in Italy, as S. Enteritidis fell consistently below S. Typhimurium since 2000, whereas in most other EU countries, despite the significant decrease of S. Enteritidis, S. Typhimurium has never became the most reported serovar, at least until the second half of the first decade of the 2000s [17] . This is particularly evident in the EU, where in this period few countries in addition to Italy have experienced this shift in the dominant serovar, i.e. Belgium, Denmark and France [4] . In 2011, S. Typhimurium had been predicted to become the most common serovar in England and Wales by 2012 as a result of the decrease of S. Enteritidis [21] .
Given the distribution of serovars from humans and animal sources in the period from 2007 to 2009, it has been estimated that pig and pork products are the most important source of human salmonellosis in Italy, accounting for 73% of human infections [4] . This is in line with our results, as pigs constitute in fact the most important reservoir for S. Typhimurium [4] .
As laying hens are the most likely source of human S. Enteritidis infection in Europe [4] , the drastic decrease of human cases of S. Enteritidis in Italy may be explained, to some extent, by the structure of the Italian poultry industry (which is largely developed through the vertical integration system) and by the fact that poultry meat and table egg production in Italy is self-sufficient to meet the internal market demand.
Vertical integration means that all major stages of poultry production (e.g. feed mills, breeder farms, hatcheries, grower farms and processors) are parts of a streamlined poultry production system, usually united through a common owner. This enables companies to harmonise biosecurity measures, housing technologies, feeding regimens, vaccination schemes and testing protocols among farms, so as to control the (microbiological) quality of both input and output products. Moreover, since 2003, the level of biosecurity and hygiene practices in the Italian poultry industry have greatly been enhanced to address the legal requirements provided for the control of avian influenza epidemics [22] . These improvements may have had a particularly significant impact on the effectiveness of the applied control measures against S. Enteritidis in the Italian poultry industry, as both the production and consumption of poultry products are rather closed to external influences.
The monophasic variant of S. Typhimurium, S. 4, [5] ,12:i:-, characterised by the antimicrobial resistance to Ampicillin, Streptomycin, Sulphonamide, and Tetracycline (pattern ASSuT) is emerging and extensively circulating in Denmark, Italy, the United Kingdom and also recently in Greece [11, 23, 24] . In Italy, S. 4, [5] ,12:i:-, showed a dramatic increase since 2003, both in humans and in animals farmed for food production, particularly pigs and bovines [25] . Also S. Napoli is an emerging serovar although it is not emerging homogenously over the whole EU, with most of the cases (87%) reported between 2000 and 2006 having occurred in Italy, France, and Switzerland. It has been suggested that the environment can act as the main reservoir for S. Napoli, and from there this serovar can spill over to animals and humans [10] .
Most serovars showed a marked seasonality, increasing over the summer months and peaking in August/ September, and then decreasing gradually. Although the reasons of this pattern are not entirely known, it may be related to the parallel Salmonella shedding trend in animal hosts, and/or insufficient refrigeration and mishandling of foods during the warm months [26, 27] .
As expected, isolation rates were highest in children. This may be due to the greater proportion of symptomatic infections among the young but also to the higher propensity to take samples by paediatricians (i.e. detection bias) [27] . However, consistent with other studies [10, 11, 27] , we observed that cases with S. Typhimurium, S. 4, [5] ,12:i:-, or S. Napoli infection were most likely to be children aged ≤14 years, whereas cases with S. Enteritidis, S. Derby, or S. Infantis infections were more likely to be adults aged ≥15 years. This may be due to the different serovar-specific risk factors to which individuals are exposed at varying age groups [28] .
This study is based on reported data from laboratories that are not homogenously distributed in the Italian territory; thus, there may be differences in representativeness of the data from different regions. It has been showed that the surveillance systems of northern regions of Italy are generally more sensitive in detecting cases of infectious gastroenteritis, leading to significantly higher notification rates of salmonellosis compared to the national average [9] . Moreover, diagnostic capacity for enteropathogens differs from laboratory to laboratory in Italy [29] . These may be the reasons as to why we observed that the isolation rates were considerably lower in the southern part of the country.
Regarding the selection of isolates included in our analyses, we deleted duplicates and most of the outbreakrelated cases in order to represent as much as possible the role of the different serovars without any 'artificial' replication of isolates due to outbreaks. Documented major outbreaks of human salmonellosis that occurred in Italy during the study period have concerned mainly S. Typhimurium [e.g. 30] and S. Enteritidis [e.g. 31].
In conclusion, Salmonella serotyping is useful for informing and addressing public health actions, providing data about the emerging serovars (which may reveal the presence of a previously unrecognised source of infection) and the efficacy of intervention measures.
We found that S. Enteritidis has decreased dramatically in Italy and that S. Typhimurium has become once more the most reported serovar as of 2000. It is noteworthy that between 2000 and 2011, while S. Enteritidis and S. Infantis decreased, S. Typhimurium remained stable and S. 4, [5] ,12:i:-, S. Derby, and S. Napoli increased. This suggests that the applied control measures are not equally efficient against these serovars and that other sources of infection have probably become increasingly important (e.g. unconventional, wild and freerange animals, fruit and vegetables). Therefore, further investigation into the potential causes of spread of the emerging serovars, against which newly tailored control measures should be implemented, is warranted.
